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IINIMUM VERTICAL SCALE SIZES IN THE WIND-STRUCTURE ABOVE 

100 KILOMETERS 

, 1 9 6 ~ ~  7 p - 4  &- > * C .  0. Hines 
Department of t h e  Geophysical Sciences,  

Universi ty  of p i c a g o -  14, IC/, 

Zimerman [1964] has presented U H ~ ~ ~ I E D  a comparison P ~ I ~ ~ ~ ~ ~ Y ~ ~ A T ~  e we 

smal l - sca le  L--- wind W c t u r e @ h a t  __ can be de tec ted  a t  h igh  a l t i t u d e s ,  

and t h e  t h e o r e t i c a l  minimum s t r u c t u r e  s i z e s  t h a t  can be a t t r i b u t e d  

t o  f r e e l y  propagating i n t e r n a l  atmosphertc g r a v i t y  waves [Hines, 1960, 

hencefor th  Paper I]. He  found t h a t  t h e  t h e o r e t i c a l  curve adequately 

represented  t h e  minimum observed s i z e s  a t  a l t i t u d e s  up t o  130 km, but 

t h a t ,  a t  l e a s t  f o r  t h e  ‘summer’ da t a ,  i t  f e l l  s u b s t a n t i a l l y  s h o r t  of 

t h e  observed sizes a t  higher a l t i t u d e s .  

t r a n s i t i o n  t o  some o the r  l imi t ing  process  which would y i e l d  minimum 

s i z e s  propor t iona l  t o  the atmospheric s c a l e  h e i g h t ,  

H e  w a s  l ed  t o  suggest  a 

While t h e  discrepancy found by Zimnerman w a s  i n  an acceptab le  

d i r e c t i o n ,  i n  the  sense t h a t  the observed minimum scale s i z e s  were 

g r e a t e r  than the  t h e o r e t i c a l  min imum scale s i z e s ,  a re-examination of 

t h e  t h e o r e t i c a l  work seemed t o  be i n  order .  It became apparent  

t h a t  a computational o r  p l o t t i n g  e r r o r  had been made by Hines i n  t h e  
-- - - - - - - - - _ _ _  
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prepa ra t ion  of Figure 12 of Paper I, t h a t  t h i s  e r r o r  would l ead  t o  

an i n c o r r e c t  e s t ima te  of t he  t h e o r e t i c a l  minimum scale s i z e  a t  a 

h e i g h t  of 225 km, and t h a t  i t  had i n  f a c t  l e d  (through i n t e r p o l a t i o n )  

t o  a f a u l t y  t h e o r e t i c a l  curve f o r  a l l  h e i g h t s  above about 110 km in 

Zimerman' s diagrams. 

An e x p l i c i t  formula f o r  t h e  t h e o r e t i c a l  curve i s  der ived  

i n  the  present  no te ,  and the rev ised  curve t h a t  it y i e l d s  i s  then 

compared w i t h  t he  d a t a  po in t s  presented by Zimmerman. 

r e v i s i o n s  t h a t  a r e  requi red  i n  Paper I have been prepared for submission 

t o  t h e  Canadian Journa l  of Physics.  

The corresponding 

The t h e o r e t i c a l  curve may be def ined  e x p l i c i t l y  i n  t h e  

fo l lowing  fashion.  Approximations (33) and (49) of Paper I combine 

t o  y i e l d ,  as t h e  condi t ion  f o r  a quenching of i n t e r n a l  g r a v i t y  

waves, 

2i'r)Ik = w(1  - U) 2 2  /ag ) z 

where? i s  t h e  kinematic  v i s c o s i t y ,  kZ is t h e  real  vertical wave 

number, u) i s  the  c i r c u l a r  frequency, and 
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where 

g r a v i t y ,  and C i s  the  speed of sound. It can be seen from (1) t h a t  

kz2 t ends  t o  zero as tends t o  ze ro  o r  t o  CO -, while  a maximum occurs 

a t  the  in te rmedia te  frequency 

i s  t h e  s p e c i f i c  hea t  r a t i o ,  g i s  t h e  a c c e l e r a t i o n  due t o  

g 

Th i s  maximum y i e l d s  i n  t u r n  a minimum v e r t i c a l  wavelength, g iven  by 

For numerical computations i n  t h e  he igh t  range 100-200 km, w 

and g 2 9.4 m/s , this may be r ewr i t t en  as 

hereF l g 4  
2 

- (4)' 

2 
where 1: is' measured i n  meters, a s  i s  t h e  s c a l e  he igh t  H ( C / x g ) ,  

2 while  7 i s  measured i n  m / s .  The approximations t h a t  l ead  t o  (1) are 
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v a l i d  f o r  t he  purposes of t h i s  a n a l y s i s  provided )., 5 tl , and such i s  

found t o  be the  case i n  t h e  height  range of p re sen t  i n t e r e s t .  

The minimum unquenched wavelength, given by ( 5 ) ,  has been 

computed as a func t ion  of height from t h e  formulae and t a b l e s  of Minzner, 

Champion and Pond [1959]. 

h a l f  wavelengths, a r e  shown by a s o l i d  curve marked 'FORBIDDEN-ALLOWED' 

The r e s u l t s ,  d ivided by two t o  r e p r e s e n t  

i n  t h e  accompanying f i g u r e .  The d a t a  p o i n t s  presented by Zimmerman, 

which r ep resen t  small-scale  ' ha l f  wavelengths' observed i n  t h e  wind 

s t r u c t u r e  on a v a r i e t y  of occasions,  have been p l o t t e d  on the  same 

diagram. They are grouped under h i s  c a t e g o r i e s  'summer' and ' w i n t e r ' ,  

b u t  are n o t  otherwise dis t inguished by d a t e  o r  source.  Also shown i n  

t h e  diagram, by a broken curve,  i s  t h e  'FORBIDDEN-ALLOWED' t r a n s i t i o n  

employed by Zimmerman, der ived i n  p a r t  from t h e  erroneous Figure 12 of 

Paper I. (It d e p a r t s  from the  new curve even a t  low a l t i t u d e s ,  where it 

i s  accura t e ,  s i n c e  it rep resen t s  f u l l  wavelengths r a t h e r  than h a l f  

wavelengths .) 

The a n a l y s i s  given above i s  s u b j e c t  t o  some amendment, f o r  it 

presupposes an isothermal  atmosphere whereas t h e  temperature p r o f i l e  of 

t h e  r ea l  atmosphere pliays a prominent p a r t  i n  determining t h e  h e i g h t  

v a r i a t i o n  of (5).  

duced exceeds t h e  u n c e r t a i n t i e s  a l r e a d y  i m p l i c i t  i n  t h e  r a t h e r  a r b i t r a r y  

quenching c r i t e r i o n ,  so  t h e  point w i l l  no t  be pursued he re .  It i s  

y+ 
But i t  seems u n l i k e l y  t h a t  t h e  e r r o r  thereby i n t r o -  I/ 

s u f f i c i e n t  t o  no te  f o r  now t h a t  t h e  curve de r ived  from (5) provides  a f a i r  

r e p r e s e n t a t i o n  of t h e  smallest v e r t i c a l  scale sizes observed i n  p r a c t i c e .  
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While t h e r e  may be some t r a n s i t i o n  i n  t h e  l i m i t i n g  mechanism, as 

suggested by Zimerman, t h e  need f o r  invoking one is now by no means 

so clear. 

. One f i n a l  p o i n t  should be made i n  passing. I n  h i s  opening 

d i scuss ion ,  Zimmerman summarized t h e  method employed by Hines i n  

a s ses s ing  the v e r t i c a l  scale s i z e s  of t h e  observed wind s t r u c t u r e ,  

and con t r a s t ed  i t  with h i s  own. 

t h e  method adopted by Hines i n  determining t h e  scale s i z e  of t h e  

dominant i r r e g u l a r  wind s t r u c t u r e ,  i t  is n o t  r e p r e s e n t a t i v e  of t h e  

method employed i n  e s t ima t ing  minimum scale s i z e s .  (Note t h a t  t h e  

minimum observed ver t ica l  wavelengths determined' i n  Paper 1,of  1 km 

a t  87 km a l t i t u d e  and 6 km a t  108 km, could not  have been obtained 

merely by e x t r a c t i n g  a wind of cons tan t  shear  and then n o t i n g  success ive  

ze ros  i n  the r e s u l t a n t  wind p ro f i l e . )  Save f o r  the f a c t  t h a t  Hines' 

While t h e  sunnnary'fairly r e p r e s e n t s  

a n a l y s i s  was done by eye,  and Zimmerman's by computation, no e s s e n t i a l  

d i f f e r e n c e  exis& between t h e i r  methods of es t ima t ing  the small-scale 

s t r u c t u r e  s i z e s .  

P repa ra t ion  of t h i s  le t ter  w a s  supported by NASA g r a n t  

NsG-467 Research, and has b e n e f i t t e d  through correspondence with D r .  

Zimmerman . 
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Legend 

Comparison between the  t h e o r e t i c a l  minimum v e r t i c a l  h a l f  

wavelengths of unquenched i n t e r n a l  g r a v i t y  waves ( s o l i d  curve) and the  

v e r t i c a l  ha l f  wavelengths observed i n  small-scale wind s t r u c t u r e  (da t a  

p o i n t s ) ;  s ee  t e x t  r e  broken curve. 
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